Background
Introduction
Newborns are at greatest risk of dying at and shortly after the time of birth. Newborn mortality remains an urgent concern and is an important indicator of child health, development and well-being. Globally, child mortality is an unfinished agenda of the Millennium Development Goals (MDG4) and remains unacceptably high with approximately 11 deaths occurring every minute [1] . In 2015, there was progress in reducing child mortality by 3.9%. However, there has been slow progress in the reduction of neonatal mortality compared to post-neonatal mortality (the number of newborns dying between 28 and 364 days of age): 47% compared with 58% globally [1] [2] [3] [4] . Neonatal mortality accounts for 44% of total under five deaths globally. For many newborns, their day of birth is also their day of death. On the day of birth almost one million neonatal deaths occur and close to two million neonates die in the first seven days of life [1, 5] . To achieve the Sustainable Development Strategies (SDS) by 2030, all countries have aimed to reduce neonatal mortality to 12 or fewer neonatal deaths per 1,000 live births and to ten or fewer by 2035. Therefore, newborn mortality has received greater attention in this post Millennium Development Goals era [6] [7] [8] .
Even though under-five child mortality decreased in all regions of low-income countries, these countries are experiencing an increase in the proportion of newborn morbidity and death [1] . Every day in Africa, 3,100 newborns die within 28 days of birth. Studies report that in most countries in sub-Saharan Africa (SSA), the leading causes of newborn deaths were infections such as tetanus, sepsis and pneumonia, preterm birth complications and birth asphyxia [9] [10] [11] . SSA showed progress in the reduction of under-five mortality, by having a 4.1% annual rate of reduction between 2000 and 2016. However, neonatal mortality is still high [1, 4, 12] . This is thought to reflect, at least in part, non-use or underutilization of maternal health care services. About half of women and their babies in SSA do not receive skilled care during pregnancy, childbirth and the postnatal period [12, 13] . Effective and timely maternal health care before conception, as well as during pregnancy and childbirth, could save nearly 3 million newborns in high burden countries. Most neonatal deaths could be prevented by direct interventions [8, 14, 15] . Evidence suggests that two thirds of neonatal deaths could be prevented if all pregnant mothers and newborns had access to cost-effective and direct interventions as well as receiving care from skilled health care providers during pregnancy and childbirth [8, 16, 17] .
Antenatal care (ANC) can be defined as the care provided by skilled health care providers to pregnant women and adolescent girls in order to ensure the best health conditions for both mother and baby during pregnancy [18] . Researchers examining the effectiveness of ANC interventions on maternal and newborn health outcomes have provided conflicting results [19] [20] [21] [22] . In two recent systematic reviews conducted in both high-and low-income countries, it was shown that there is insufficient evidence of the effect of antenatal care on the reduction of newborn mortality [21, 23] . Both of these reviews, conducted only among socially disadvantaged and vulnerable women and compared lower number of ANC with the standard model (depending on the number of visits). However, in studies conducted in India and Indonesia, positive effects of ANC in preventing newborn deaths were indicated [24] [25] [26] . These studies used interventions such as supplementation of iron tablets during pregnancy. ANC interventions must be integral to any quality improvement in outcomes for both mothers and newborns. ANC addresses the most prevalent health issues that affect mothers and newborns [19] [20] [21] 27] . For instance, ANC helps health care providers to identify diseases such as hypertension, haemorrhage and diabetes mellitus, and treat conditions that could affect the wellbeing of the mother and baby.
In a recently published document, the World Health Organisation (WHO) now recommends a minimum of eight ANC visits to improve neonatal outcomes and to provide a more positive and women-centred experience for pregnant women [18] . It is estimated that ANC alone reduces neonatal mortality by 10-20% [20, 28] , though the utilization of those services in SSA is inadequate [29] . Thus, considering the different and conflicting results concerning the effect of ANC on neonatal mortality in SSA [30] [31] [32] [33] [34] [35] , there is a need for assessing studies from SSA, where most maternal and newborn morbidity and mortality occur [10, 36] . A systematic review and meta-analysis is therefore necessary to critically evaluate relevant studies to provide up to date evidence about the effect of ANC on neonatal mortality. The aim of this systematic review and meta-analysis was to determine the pooled impact of ANC on neonatal mortality in sub-Saharan Africa.
Methods

Study selection
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist was used in the formulation of the systematic review methodology [37] . The systematic review was registered on the PROSPERO prospective register of systematic reviews after piloting the study selection process (registration number PROSPERO 2016: CRD42016049143).
Studies were assessed for inclusion through a title and abstract review. Articles were selected from electronic database searches; a list of relevant studies was identified and the full text of the studies was obtained for further assessment. Reference lists of selected articles were assessed in order to identify other potential studies of interest.
Search strategy
We searched the following databases from September to November 2016 and re-ran the search from March 23 to April 13, 2019 on PubMed, Medline, EMBASE, CINAHL and Google Scholar (S1 Table) . We used the keywords "perinatal mortality", "perinatal death", "neonatal mortality", "neonatal death", "newborn mortality", "newborn death", "antenatal care", "prenatal care", "maternal health care", "sub-Saharan Africa", and "Africa south of the Sahara". Grey literature was searched for on Google Scholar and ProQuest. While grey literature was searched, no studies included in the grey literature met the eligibility criteria of the current review.
Study inclusion criteria
Study design and language. All studies of any design were included if they met the following criteria: (i) the study involved a mother who gave birth without any specific risk factors; (ii) the study was conducted in the perinatal period (early neonatal mortality) if the authors defined a death during the first seven days of life and neonatal mortality if the authors defined a death during the first 28 days of life (iii); the study reported on the risk of perinatal or neonatal mortality; (iv) utilization of antenatal care was considered as a possible factor for neonatal mortality; and (v) the article was published in English.
Exclusion criteria. Studies that focused only on the number of ANC visits were excluded from the review. Studies were excluded on the basis of a full-text assessment and the main characteristics of these excluded studies are shown in S1 File.
Data extraction
The relevance of the studies were checked based on their topic, aims and methodology. Two independent reviewers (TT & CC) completed the data extraction, using a standardized form with clear inclusion and exclusion criteria. Disagreement between the reviewers was resolved by discussion between the authors or by consulting the third author. For each study, we recorded the first author's last name, year of publication, study setting, study design, study period, sample size, response rate, population, outcome definition, comparison groups and effect estimate. The outcome variables were perinatal and neonatal mortality. Neonatal mortality was defined as a death occurring during the first four weeks (28 days) after the birth of a live baby [38] . The exposure variable ANC was classified as 'no ANC visit' and 'one or more ANC visits'. Where necessary, we contacted study authors to request further information, such as missing data.
Quality assessment
All studies selected for inclusion in the review were assessed rigorously by review authors. The quality of each included study was assessed using the Risk of Bias Assessment tool for NonRandomized Studies (RoBANS) [39] . Studies were assessed across six categories (selection bias, confounding bias, performance bias, detection bias, attrition bias and reporting bias). Each domain was allocated one of three possible categories for each of the included studies: 'low risk', 'high risk', and 'unclear'. RoBANS is shown in S2 Table.
Data synthesis and analysis
Statistical analysis was carried out in Stata 11. The overall effect of ANC on neonatal mortality was carried out by using a DerSimonian and Laird random effects model [40] and risk ratio was measured with 95% CI. To assess heterogeneity among studies, we calculated the I 2 statistic, which describes the percentage of total variation among studies due to heterogeneity rather than to chance. An I 2 statistical value of 30% to 60% may represent moderate heterogeneity, whereas 50% to 90% may represent substantial heterogeneity and 75% to 100% may represent considerable heterogeneity [41] . The 'leave-one-out' method was used to conduct a sensitivity analysis in order to evaluate the stability of the results and to test whether any single study had an influence on the metaanalysis. Moreover, subgroup analyses were conducted to explore possible sources of heterogeneity.
Potential publication bias was investigated by visual inspection of funnel plots and Egger's linear regression test [42, 43] .
Operational definition
A woman who received ANC was defined as 'a women having at least one health facility visit for a pregnancy check-up by skilled attendants during pregnancy'. For instance, the included studies defined ANC as:
• Having a health facility visit for a pregnancy check-up by skilled attendants during pregnancy [31] ;
• Care given during pregnancy by a skilled birth attendant [44, 45] ; and
• At least one visit with a skilled birth attendant during pregnancy [32] [33] [34] 46] .
Neonatal death. Death of a newborn during the first 28 days of life.
Results
Search results
As shown in Fig 1, our study search yielded 1,179 published articles on neonatal mortality. After removing duplicates, 898 records remained, of which 792 were excluded during the initial screening as their titles were not relevant. We then assessed the abstracts of 106 studies before excluding 83 more studies. Finally, after applying the inclusion and exclusion criteria, eight studies were included. Four studies were added after updating the search. Therefore, a total of twelve studies were included in the review.
Study characteristics
The review included studies from seven countries. The design of the studies were five cohort studies, two case-control studies and five cross-sectional studies [31] [32] [33] [34] [35] [44] [45] [46] [47] [48] [49] [50] . The sample size ranged from 238 to 27,147. Three fourths of the studies were community-based studies and the remaining three were facility-based studies. The publication year of the included studies ranged from 2009 to 2019. A total of 79,990 live births were included, of which 2,107 died within 28 days of birth, making the weighted neonatal mortality rate 26.3 per 1,000 live births ( Table 1) .
Risk of bias
The assessment of the risk of bias in all studies included are shown in Table 2 . The risk of bias in the selection of participants was low in all studies, except in one study which is unclear. However, the risk of confounding bias was high in ten studies, but low in two studies which adjusted for major confounding variables during analysis. The risk of performance bias due to an inadequate measurement of risk factors was low in seven studies, which described exposure or risk factors clearly; it was unclear in three studies and high in two studies. The risk of detection bias due to an inadequate measurement of outcome was low in eight studies and high in the remaining studies. The risk of attrition bias due to an inadequate handling of incomplete outcome data was low in ten studies, unclear in one and high in one study. The risk of reporting bias was low in all studies due to selective reporting of the outcomes. See S2 Table. Pooled effect size of antenatal care on neonatal mortality
Among the twelve studies included in the analysis, five showed statistically significant associations between ANC services utilization and neonatal mortality, and seven showed non-significant effects. The pooled effect size by the random-effects model was 0.61 (95% CI: 0.43, 0.86) The impact of antenatal care on neonatal mortality in sub-Saharan Africa for neonates born to women who received at least one ANC visit as compared to neonates born to women who did not receive ANC (Fig 2) .
Sources of heterogeneity
There was substantial heterogeneity across studies overall (I 2 >92%, P value for heterogeneity <0.001), as well as within subgroups for study design, study region, sample size and study place. In a subgroup analysis, a significant reduction of neonatal mortality was observed in case-control studies (RR = 0.62 [95% CI 0.48-0.80]; P = 0.57 for the heterogeneity test, I 2 = 0.0%,). When the included studies were stratified based on study region, the heterogeneity disappeared in the study done in West Africa (P for heterogeneity = 0.84, I 2 = 0.0%); however, heterogeneity was still present in studies done in East Africa (P for heterogeneity<0.001, I 2 = 88.5%; Table 3 ). Visual observation of the funnel plot symmetry, the Egger test (P = 0.273) and Begg's Test (P = 0.444) showed no publication bias (Fig 3) . These findings indicate no major threat to the validity of the review.
Discussion
This systematic review and meta-analysis assessed the pooled effect of ANC on neonatal mortality in SSA. The review is the first of its kind to be done in SSA and clearly shows the benefit to neonatal outcomes of ANC. Previous studies did not report the pooled effect of ANC on newborn health and focused only on the effect of health facility delivery on neonatal mortality [51, 52] . The current review provides important information to policy makers who are working in the area of maternal and infant health care in SSA by delivering robust evidence to evaluate policies related to ANC and newborn mortality. This review may help to strengthen ANC policies and programs, which may improve newborn health in SSA. Moreover, ANC will create an opportunity for women and their newborns to receive different interventions, including immunization and other necessary pregnancy related information on preventive measures that may have an impact on preventing newborn death.
Attendance of at least one ANC appointment had a statistically significant effect on neonatal mortality. We found a 39% lower risk of neonatal mortality among women who attended at least one ANC visit in SSA. All of the included studies in this review were from different parts of SSA. Therefore, the review provides the most comprehensive evidence for countries in SSA to promote the importance of ANC for the health of newborns. This finding is in line with other studies done in low-and middle-income countries [30, 51, 53, 54] . A survival analysis in The impact of antenatal care on neonatal mortality in sub-Saharan Africa low-and middle-income countries found a 55% lower risk of neonatal mortality among women who met the previous WHO recommendations of four ANC visits, and a 32% lower risk among those who had at least one ANC visit [30] . Similarly, in an analysis of the Indonesian Demographic and Health Survey, it was reported that use of postnatal care was not associated with neonatal survival, but ANC reduced the risk of neonatal death by 51% [53] . This may be due to the mother receiving important advice during the pregnancy and receiving iron, folic acid and tetanus immunizations, which also have a positive effect in reducing neonatal mortality. In addition, ANC has indirect benefits since women attending ANC are more likely to have their delivery assisted by a skilled birth attendant or give birth in health facilities [53] . According to a recent United Nations Children's Fund (UNICEF) report, the majority of newborn deaths are easily preventable with simple, cost-effective interventions administered during pregnancy and childbirth [55] . However, there is a high degree of variability in the use and quality of maternal health care services provided to pregnant women and their newborns. Many women and newborns miss out on key interventions that can save their lives [55] . In previous literature, it has been indicated that causes of newborn deaths in Africa could be minimized or prevented through ANC interventions such as tetanus vaccination and iron supplementation provided during pregnancy [9, [56] [57] [58] [59] . In this review, we found the most common causes of neonatal mortality were birth asphyxia, infection, preterm birth and birth injury. These findings are consistent with other studies conducted elsewhere [12, 60] . This may be due to non-use of maternal health care services during pregnancy and childbirth. The other reason may be a lack of counselling during pregnancy to prevent maternal and newborn complications and inadequate use of ANC interventions.
The findings of this systematic review and meta-analysis need careful consideration, bearing in mind its limitations. Firstly, the findings are based on the data extracted from observational studies that are associated with inherent biases. Secondly, the included studies were limited to English only, which may result in missing studies that could have been published in other languages. Thirdly, there was inconsistent classification of ANC visits in the included studies, so it was difficult to show the pooled effect size of each ANC visit (based on the number of visits). Fourthly, we are unable to show the impact of specific ANC interventions on neonatal mortality because there is insufficient information in relation to how ANC was defined and which specific interventions were performed in the included studies. This points to the need for more research in this area to establish which aspects of ANC are the most important for infant outcomes. Despite these limitations, we conducted a comprehensive search of databases to include all relevant studies, and subgroup analyses were conducted to determine whether any specific study-level factor explained the results.
Conclusion
This review on the impact of ANC on neonatal mortality in SSA found that women who received one ANC visit by a skilled provider were less likely to experience neonatal mortality than those who did not. Thus, to accelerate progress towards the reduction of newborn deaths, all pregnant women should receive ANC by a skilled provider. Moreover, the health care provider should provide counselling to pregnant women during ANC visits to increase health facility delivery and this in turn may reduce neonatal mortality by preventing sepsis and by managing and treating preterm birth. Stakeholders should develop strategies to increase the utilization of ANC. 
